To investigate the origin of human T-lymphotropic virus I (HTLV-I), strains of diverse geographical origin were analysed. We sequenced the LTR and env genes of HTLV-I strains from Brazil, Central African Republic, Taiwan and Zaire, and the simian T-lymphotropic virus type I (STLV-I) strain PHSul from a baboon from the Sukhumi primate centre. We performed phylogenetic analyses using neighbour-joining, parsimony and maximum likelihood methods. Three separate HTLV-I clusters were identified interspersed between STLV-I clusters. The Brazilian and the Taiwanese strains were within the first well-supported cluster containing all cosmopolitan HTLV-I strains flanked by west African STLV-I strains. The HTLV-I strains from Central African Republic and Zaire fell into a central African cluster close to the chimpanzee STLV-I isolates. The third well-supported cluster included all Melanesian HTLV-I strains and had Indonesian STLV-I strains as closest neighbonrs. Therefore, currently known HTLV-I strains represent three HTLV-I subtypes that most probably have originated from three geographically distinct interspecies transmission events. The highly divergent PHSul, isolated from Papio hamadryas, was closely related to PCY-991, isolated from Papio cynocephalus, both from the Sukhumi primate centre. Both clustered together with Asian wild-caught rhesus macaque STLV-I strains suggesting recent interspecies transmission of virus from rhesus macaques to colonybred African baboons at the Sukhumi primate centre. In the rooted env trees obtained using the STLV strain PH969 as an outgroup, the Asian strains branched off before the African strains, implying an Asian origin for HTLV/STLV type I based on presently available strains.
Introduction
Human T-lymphotropic virus type I (HTLV-I), a retrovirus, is the aetiological agent of adult T cell leukaemia/lymphoma (ATL) (Poiesz et al., 1980) and of a chronic neurological disease, HTLV-I-associated myelopathy/tropical spastic paraparesis (HAM/TSP) (Gessain et al., 1985; Osame et al., 1987) . HTLV-I is endemic in southern Japan, the Caribbean basin, subSaharan Africa, South America and Melanesia. The related simian counterpart of HTLV-I, STLV-I, has been isolated from Asian and African Old World nonhuman primates (Guo et al., 1984; Watanabe et al., 1986; Saksena et al., 1993) . Serological tests have also shown that STLV infection in Old World primates is mainly due to STLV-I (Rudolph et al., 1991 Shirabe et al. (1990) This article This article Malik et al. (1988 ) Koralnik et al. (1994 ) Koralnik et al. (1994 ) Koralnik et al. (1994 ; this article  This article  This article  This article  Gessain ) Gessain et al. (1991 ) Gessain et al. (1991 ) Koralnik et al. (1994 ) Koralnik et al. (1994 ) Koralnik et al. (1994 ; this article Bastian et al. (1993 ) Gray et al. (1990 Vandamme et aL (1994) Vandamme et al. (1994) This article Koralnik et al. (1994 ) Koralnik et al. (1994 ) Koralnik et al. (1994 (1992) intraspecies contacts (Komurian et al., 1991; Gessain et al., 1992) . It has been proposed that HTLV-I originated in Africa, because the virus in the Americas was predominantly found among people of African descent, and subsequently disseminated throughout the world via the slave trade (Gallo et al., 1983) . DNA sequence analysis of HTLV-I strains using the envelope (env) gene also showed that the genetic diversity is high in the equatorial region of Zaire (Gessain et al., 1992) . However, the discovery of a very divergent HTLV-I strain among some indigenous tribes from Melanesia and among Australian aboriginals (Gessain et al., 1991; Bastian et al., 1993) , and the presence of divergent Asian STLV-I strains (Watanabe et al., 1985) has led to the hypothesis that HTLV-I/STLV-I originated in Asia and spread to Africa probably via ancient Asian-African contacts in Madagascar (Saksena et al., 1992) . Although several studies supported the hypothesis of an Asian origin, the African origin of HTLV-I/STLV-I still could not be excluded . The isolation of a highly divergent STLV-I from a wildcaught Tantalus monkey in Africa (Saksena et al., 1993) showed that HTLV-I/STLV-I has had a much longer evolution in Africa than previously suspected. Phylogenetic analysis using the LTR and env sequences of divergent African and Asian STLV-I strains supported an African origin for the cosmopolitan and African HTLV-I strains, and an Asian origin for the Melanesian and Australian HTLV-I strains as a result of at least two independent interspecies transmissions Koralnik et al., 1994; Vandamme et al., 1994) .
In the present study, we extended our study of the evolution of HTLV-I/STLV-I by including new HTLV-I strains from Brazil, Central African Republic, Taiwan and Zaire, and an STLV-I strain from a baboon from the Sukhumi primate centre (Georgia/former USSR). The LTR and a 522 bp fragment of the env gene, spanning the C terminus of gp46 and almost the entire transmembrane protein gp21, were amplified by PCR and subjected to direct sequencing. We performed a phylogenetic analysis on these HTLV-I/STLV-I DNA sequences and the available published data from throughout the world.
Methods
Virus strains. Five HAM/TSP cases (MAQS, MASU, AMA, FCR and JCP) from Fortaleza, Brazil (de Castro Costa et al., 1995) , one HAM/TSP case (HODE) from Central African Republic, two HTLV-I seropositive ATL cases (CMC and HKN) from Taiwan, an STLV-I (PHSul) from a captive baboon (Papio hamadryas) from the Sukhumi primate centre , and three African HTLV-I strains (MWSA, MOMS and ITIS) from Zaire (Liu et al., 1994a; Vandamme et al., 1994) were studied.
PCR and sequencing. Peripheral blood mononuclear cells (PBMCs) from the Brazilian patients and cells from HTLV-I/STLV-I transformed cell lines (Liu et al., 1994a; Vandamme et al., 1994) derived from the African patients and the Sukhumi baboon were treated with 100 gg/ml proteinase K (Boehringer Mannheim; stabilized proteinase K solution) in PCR buffer (10mM-Tris-HCl pH8-3, 50mM-KCI; Perkin-Elmer) containing 2 mM-MgC12, 0.5 % Tween 20, 0.5 % NP40 for 1 h at 56 °C. DNA was extracted with phenol-chloroform (Life Technologies), precipitated with ethanol, and was then resuspended in Milli-Q water (Millipore). The DNA from PBMCs of the two Taiwanese patients was kindly provided by M.-T. Lin (National Taiwan University Hospital, Taipei, Taiwan).
The LTRs of the five Brazilian and the two Taiwanese HTLV-I strains were amplified and sequenced using primers and reaction conditions as previously described , whereas the LTR of the STLV-I (PHSul) was amplified by a nested PCR under the same reaction conditions but with a different combination of primers : the primer pair HFL1 6 and HFL9-10 was used for outer and inner PCR respectively, amplifying a 673 bp fragment. This 673 bp fragment was sequenced as Liu et al. (1994a) described by using primers HFL10, HFL13 and HFL16 (5' TCC AAG GGA GCG CCG GAC 3', nt 545 528). The nucleotide numbers are according to the Japanese prototype HTLV-I ATK1 reference sequence (AC J02029) (Seiki et al., 1983) .
The env genes of MASU, AMA, HODE, CMC, HKN, MOMS and ITIS were amplified by a nested PCR using the outer primer pair HFL71 (5' CCA GTG GAT CCC GTG GAG A 3',nt 5110-5128)-HFL72 (5' AGG AGG ATT TGA TGG GAG A Y, nt 6746-6728) and the inner primer pair HFL75 (5' GTTGTA AAA CGA CGG CCA GT GCT ATA GTC TCC TCC CCC TG 3', nt 6048-6067)-HFL76 (5' CAG GAA ACA GCT ATG AC GGT GTC GTA GCT GAC GGA GG Y, nt 6609-6590), whereas the MWSA env gene was amplified by a single PCR only with primer pair HFL75 76. The primers HFL75 and HFL76 contained a tag representing the M 13 universal and the M13 reverse primer sequence (italics) respectively, and primer HFL76 had an additional biotin coupled at the 5' end. PCR was performed under standard conditions: a 50 gl PCR reaction mixture containing 50 mM-KC1, 10 mM-Tri~HC1 pH 8.3, 2 mM-MgC12, a 200 gM concentration of each dNTP, a 1 ~tM concentration of each primer, and 1.25 units of Taq polymerase (AmpliTaq, Perkin-Elmer). Amplification was carried out in a GeneAmp PCR system 9600 (Perkin-Elmer) with 35 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 45 s. Two microlitres of the outer amplification product was used for the inner PCR under the same cycling conditions. The env gene of PHSul was amplified by a nested PCR using the outer primer pair HFL111 [5' (G/C)(A/C)(C/T) CI(G/C) TGG ATC CCG TGG 3', nt 5108-5125]-TR104 (Maloney et al., 1992) and the inner primer pair HFL115 (5" GTTGTA AAA CGA CGG CCA GTATC CCI AGC ACT CCC AGC CC 3', nt 5975-5994)HFL76 at the same reaction conditions as HFL71-72 and HFL75 76. The primer HFLll5 contained the M13 universal primer sequence (italics). All the PCR fragments were purified on 2% agarose gels (SeaKem, FMC Bioproducts) using the Sephaglass Bandprep kit (Pharmacia) followed by Dynabead streptavidin isolation (Dynal) according to the manufacturer's instructions. The purified DNA was sequenced using an AutoRead sequencing kit (Pharmacia) with fluorescent labelled MI3 universal and reverse primers and T7 DNA polymerase on an Automated Laser Fluorescent (A. L.F.) DNA sequencer (Pharmacia).
Phylogenetic analysis'. The DNA sequences were aligned with the software Clustal (Higgins & Sharp, 1988) implemented in GeneWorks (IntelliGenetics, UK) followed by minimal manual editing. All sequences included in the analysis are given in Table 1 . Phylogeny construction and evaluation were performed using the Phylip software package (Felsenstein, 1989) , with the neighbour-joining method (NJ), the Fitch and Wagner parsimony method (pars) and the maximum likelihood method (ML). Transitions were scored twice more likely than transversions in all methods. The Kimura 2-parameter model, which also accounted for superimposed mutations, was used to calculate the evolutionary distances. The NJ and pars trees were statistically evaluated using 1000 bootstrap samples (Felsenstein, 1985) . The values on the branches represent the percentage of trees for which the sequences at one end of the branch are a monophyletic group.
Branches with bootstrap values above 95 % are usually considered to be robust, while values below 75 % are generally not confident enough to fully support a topology. Since ML is already a statistical method (with a statistical evaluation of the branch length), no bootstrapping was done for it.
Results

Sequence diversity of the LTR and env genes
The LTR sequence variation between the Brazilian strains reported here is 1'7 %. The two Taiwanese strains differ from each other by 2%. PHSul is the most divergent STLV-I strain with 14 % difference compared to the cosmopolitan HTLV-I strain ATK1 in the LTR region, whereas the Taiwanese and Brazilian strains differ from ATK1 by only 0.6-2.6%. The R region is more conserved than the U3 and U5 regions ( Table 2) . The regulatory sequences, such as the poly(A) signal and the TATA box, show no variation, The sequence variability of HTLV-I/STLV-I is slightly lower in the 522 bp env fragment than in the LTR region in general. The env fragment of the Zairean strains differs from ATK1 by about 3 % in contrast to 5 % in the LTR (Liu et al., 1994a) , The Brazilian and the Taiwanese strains differ from ATK1 by 1-2.7% in this env region. The highly divergent STLV-I PHSul differs by 13.8 % when compared to ATK1 in this env fragment. The nucleotide sequences of Central African Republic strain (HODE) and two of the Zairean strains (MOMS and ITIS) are identical in this 522 bp fragment. The sequence variations of the env fragment within the Brazilian, Taiwanese and Zairean strains themselves are 0.7%, 1.7% and 0.7% respectively.
Phylogenetic analysis of HTL V-I/STL V-I based on the LTR sequence
Three phylogenetic analyses were done by using the total LTR, together with 645 bp (ATK1, nt 144~774) and Table 1. 515bp (ATKI, nt 144-649) consensus partial LTR sequences, including 29, 33 and 36 HTLV-I/STLV-I strains (Table 1) respectively. For the total LTR and the 645 bp consensus partial LTR, all three methods, N J, pars and ML, gave similar topologies (Fig. 1) . Three geographically distinct branches were identified from a central node by all three methods. One branch led to the Asian HTLV-I/STLV-I strains containing MEL5, PNG1, PHSul and PtM3 with bootstrap values of 99"6% for NJ and 97.2% for pars and statistically significant branch lengths with ML. The second branch consistently led to all the cosmopolitan HTLV-I strains (98.2% for NJ, 92.4% for pars and P < 0.01 for ML). The branching pattern among the cosmopolitan strains differed with different methods. The third branch led to the central African strains (42.2 % for NJ, 73"6 % for pars and P < 0.01 for ML). The Brazilian strains (FCR, JCP, MAQS and MASU) and the Colombian strain SIB170 formed a well-supported separate cluster within the cosmopolitan strains. The Brazilian strain AMA was not in this cluster in the NJ tree but fell into this cluster in the pars and ML trees, although with low bootstrap values. The Taiwanese strains CMC and HKN clustered within the cosmopolitan strains close to Japanese isolates, each in a different cluster. The highly divergent STLV-I PHSul was situated on the Asian HTLV-I/STLV-I branch with a long branch length in all methods. The clustering of the African STLV-I strains, AG and TAN90, within the central African branch was not stable and depended on the method used. Both clustered within the central African branch in the NJ tree (42.2% of bootstrap replicates) and the ML tree (P < 0.01). In the pars tree, the STLV-I AG clustered in the central African branch but TAN90 clustered in the Asian branch with bootstrap values of 73'6 % and 41.6 % respectively. Performing the analysis with the 515 bp consensus partial LTR to be able to add the west African strains (AKR, SIE and GH78) did not alter the topology of the trees. Based on this 515 bp fragment, two clusters within the cosmopolitan subtype were observed, one containing the west African and Caribbean strains and the other containing all Japanese and continental American strains.
Phylogenetic analysis of HTLV-I/STLV-I based on the env sequence
Sixty-four HTLV-I/STLV-I strains (Table 1) were included in the phylogenetic analysis based on the 522 bp env fragment (ATK1, nt 6068 6589). In contrast to the
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Cercop l ~ hecus . East Africa as the outgroup, using the neighbour-joining method of the Phylip software package (Felsenstein, 1989) . The criteria for constructing the tree are described in Table 1. LTR trees, there was no clear central node in the env trees. Only a main separation between African (including the cosmopolitan HTLV-I strains) and Asian HTLV-I/STLV-I strains was observed. Three geographically separate HTLV-I clusters were interspersed between STLV-I clusters (Fig. 2) . The STLV-I PHSul clustered with MMU-39.83, MMU-73.78 and PCY-991 (100% bootstrap replicates for NJ and pars, and P < 0.01 for ML). The STLV-I strains T4C1, T5B1, T6B1, TD3 and TF2 isolated from Macaca tonkeana also formed a wellseparated monophyletic group. The Australian aboriginal HTLV-I strain, MSHR-1, is the only nonMelanesian HTLV-I strain that clustered with the Melanesian HTLV-I strains forming an AustraloMelanesian HTLV-I subtype in all methods, separate from the Asian STLV-I strains. The cosmopolitan HTLV-I strains also formed a separate cluster. However, in contrast to the LTR analysis, no significant separated subcluster within the cosmopolitan subtype could be observed with this env fragment because of the low level of sequence diversity among the cosmopolitan strains. The west African STLV-I PPA-5X28 clustered with the cosmopolitan HTLV-I branch with bootstrap values of 44.5 % for NJ and 32.6 % for pars. MOMS and MWSA were clustered with the other Zairean HTLV-I strains (EL, HZ15, HZ17 and HZ69) by all methods, close to three STLV-I strains (PTR-114.1, PTR-3570 and PTR-X43) isolated from chimpanzees. Bootstrap values for this central African subtype are relatively low, indicating that these HTLV-I strains do not form a stable single cluster, but that they tend to mix with the chimpanzee and Cercopithecus strains. Both HTLV-I and STLV-I strains tend to be clustered geographically and not according to host species. Several stable clusters of STLV-I strains isolated from different simian species from the same geographical region have been observed. For example, six STLV-I strains (CAE-22, CAE-6242, CMI-203, PAN-1713, PCY-2304 and PHA-152) from five species (Papio and Cercopithecus) of east African monkeys formed a separate cluster (Fig. 2) . Moreover, STLV-I strains from a single species (e.g. Cercopithecus aethiops) clustered into different lineages depending on their geographical origin. When adding the STLV PH969 as an outgroup, the NJ tree placed the root node on the MFA-C194 branch whereas the pars and ML trees rooted on the PtM3 branch. The rest of the topology of all trees was not altered except that the bootstrap values were slightly different from unrooted trees. The branch length of the outgroup STLV PH969 was extremely long in all trees.
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Discussion
In the present study, we provided new sequence data on the LTR and env genes of HTLV-I strains from Brazil, Central African Republic, Taiwan and Zaire, and the STLV-I PHSul from a baboon from the Sukhumi primate centre (Georgia, former USSR) and investigated their evolutionary relationship with other HTLV-I/STLV-I strains. We performed three different types of phylogenetic analysis using the N J, pars and ML methods to increase the reliability of the derived topologies. Since the algorithms for constructing the phylogenetic trees of these three methods are based on different evolutionary assumptions, obtaining a consistent topology with all three methods increases its reliability. The widely accepted bootstrap analysis was used for testing the robustness of the trees.
Phylogenetic analysis, based on the LTR sequence, of the above HTLV-! strains and the available published data from throughout the world clearly identified three HTLV-I subtypes, HTLV-Ia, HTLV-Ib and HTLV-Ic, these being the cosmopolitan, central African and Melanesian subtypes respectively . The subgroups within the cosmopolitan strains as suggested by Miura et al. (1994) could not be conclusively separated in this study. Only two clusters were reliably separated by all methods, one containing the Caribbean and west African strains, the other containing the Japanese and continental American strains. This suggests that the introduction of HTLV-I in the Americas was possibly a stepwise process, with west Africa as one of the transmission sources of the Caribbean strains, probably during the slave trade period. In the LTR analysis, four of the Brazilian strains together with the Colombian strain SIB 170 formed a monophyletic cluster within the cosmopolitan subtype, suggesting a related source of infection. The only available Taiwanese strains, CMC and HKN, clustered with the cosmopolitan strains, each close to Japanese strains, but not with the Melanesian strains, indicating a different source of infection and subsequent evolution. Both patients are native Taiwanese without risk factors such as blood transfusion or intravenous drug abuse; therefore, they are likely to have been infected by familial or sexual transmission and the virus probably originated from Japan. Since little molecular data are available for HTLV-I from south-east Asia and Indonesia, this result may provide additional clues to the origin and dissemination of the virus in Asia.
In our present analysis of the env region, three geographically separate HTLV-I clusters were interspersed between STLV-I clusters. There was no clear central node in the phylogenetic tree, only a main separation between African (including the cosmopolitan HTLV-I strains) and Asian HTLV-I/STLV-I strains: all African HTLV-I/STLV-I strains were clearly separated from all Asian HTLV-I/STLV-I strains. Based on this env tree, currently known HTLV-I strains most probably represent three HTLV-I subtypes that have originated from three interspecies transmission events. The cosmopolitan and central African HTLV-I subtypes might have evolved independently from African STLV-I strains. The central African HTLV-I strains clustered closely with the chimpanzee isolates, suggesting that the central African HTLV-I strains might have arisen from a relatively recent interspecies transmission of virus either from chimpanzees or from Cercopithecus monkeys, which also clustered rather close to the central African subtype. Possibly both chimpanzees and humans were infected with a similar Cercopithecus virus by hunting and eating small monkeys. Since the central African HTLV-Ib was not reliably separated from the chimpanzee and Cercopithecus virus, interspecies transmission from the same simian reservoir might still be going on within this subtype. The cosmopolitan HTLV-Ia strains clustered (although not stably) with a west African STLV-I strain suggesting acquisition from a related west African simian reservoir. These two HTLV-I subtypes, HTLV-Ib and HTLV-Ia, seem to have originated in a way that is remarkably similar to the origins of human immunodeficiency virus types 1 and 2 (HIV-1 and 2) respectively. Phylogenetic analysis has shown (Sharp et al., 1994) that HIV-2 can be traced to a west African transmission, most probably from sooty mangabeys. HIV-1 is a central African type, very closely related to a simian immunodeficiency virus isolated from a chim-H.-F. Liu and others panzee, with possibly a 'missing link' from Cercopithecus species that could have transmitted their virus to both chimpanzees and humans. These similar simian reservoirs within two families of viruses strengthen the hypothesis of the simian origin of both HIVs and HTLVs. Because the Melanesian HTLV-I strains do not cluster directly with any known STLV-I strain and because nonhuman primates are absent from Australia and Melanesia, it is unlikely that the Melanesian HTLV-I strains evolved recently from STLV-I. However, interspecies virus transmission probably occurred on the migratory pathways (e.g. Indonesia) of the early Melanesian settlers 50000 years ago (Cavalli-Sforza et al., 1994) , since the Indonesian STLV-I strains are the closest relatives of the Melanesian HTLV-I strains and the present day Indonesian population is not infected with the Melanesian subtype of HTLV-I. From our data, it is more likely that HTLV-I evolved from STLV-I than that STLV-I evolved from HTLV-I. Therefore, three geographically separated transmissions gave rise to the three HTLV-I subtypes: in west Africa for the cosmopolitan HTLV-Ia, in central Africa for the central African HTLV-Ib and in Indonesia for the Australo Melanesian HTLV-Ic.
The highly divergent PHSul clustered within the Asian wild-born rhesus macaque strains and was closely related to PCY-991, reported by Koralnik et al. (1994) , which was isolated from a different baboon species (Papio cynocephalus) from the Sukhumi primate centre. This suggests the exposure of two species of colony-bred African baboons to Asian monkeys in the Sukhumi primate centre: thus, PHSul has originated by very recent interspecies virus transmission from rhesus macaques. Similarly, the geographical clustering of STLV-I strains independent of host species also suggests continuing transmissions between simian species. Since interspecies transmissions still occur at present, as shown for the Sukhumi primate centre, new HTLV-I types might exist or emerge. More STLV-I and HTLV-I strains of different geographical origins should therefore be studied in detail.
Although slightly different, the LTR and env trees have consistent topologies. The main difference is that, .in contrast to the env trees, no HTLV-I clusters interspersed between STLV-I clusters can be seen in the LTR trees. This is because few STLV-I LTR sequences are available for phylogenetic analysis, not to a recombination event or convergent evolution in the env gene. In the LTR trees, although an STLV-I strain related to the cosmopolitan HTLV-I strains is not found, the central African HTLV-I strains still clustered with central African chimpanzee and Cercopithecus STLV-I strains and the Melanesian HTLV-I strains also have Asian STLV-I strains as their closest relatives.
In our previous phylogenetic analysis of the LTR sequence, we suggested an African origin for HTLV-I/STLV-I but still could not exclude the possibility of an Asian origin . By using the env gene and the highly divergent Asian STLV-I strains, Koralnik et al. (1994) and Song et al. (1994) suggested an Asian origin for HTLV-I/STLV-I. In our rooted trees with STLV-PH969 as an outgroup, the Asian strains branched off before the African and cosmopolitan strains, implying an Asian origin for HTLV-I/STLV-I based on presently available strains. However, the discovery of indigenous HTLV-II in remote African pygmy tribes (Goubau et al., 1993 ; Froment et al., 1993 ; Gessain et al., 1995) , and the new HTLV/STLV types, STLV-PH969 (PTLV-L) and STLV-PP1664 Liu et al., 1994b) , indicate that the greatest variety of HTLV/STLV types is found in Africa, suggesting an African origin for HTLV/STLV in general.
Both Asia and Africa harbour very divergent HTLV-I/STLV-I strains and it is obvious that the origin of HTLV-I/STLV-I will be biased towards Asia when using divergent Asian STLV-I strains or towards Africa when using divergent African STLV-I strains (Saksena et al., 1994; Vandamme et al., 1994) . Also, genomic regions with different functions are prone to different evolutionary pressures, biasing the phylogenetic analysis. Moreover, different evolutionary rates in different geographical regions have been reported for other viruses, for example, equine encephalitis virus evolved at a different rate in North America compared to South America (Weaver et aI., 1992) . Our sequence comparison of HTLV-I strains derived from family members supported a higher evolutionary rate in Melanesia than in Africa (Nerurkar et al., 1993; Liu et al., 1994a) . The unusually long branch length of all Asian HTLV-I and STLV-I strains in the NJ and ML trees might suggest a higher evolutionary rate in Asia than in Africa. When considering African and Asian clusters separately, STLV-I branches are longer than HTLV-I branches. It has been reported that the molecular clock runs more slowly in man than in apes and monkeys, since Old World monkeys appear to have undergone about twice as many mutations within their sequences compared with humans (Li & Tanimura, 1987) . Additionally, the coevolution of parasites and their hosts has been postulated (Hafner & Nadler, 1988) . This could imply that STLV has evolved faster than HTLV resulting in a higher sequence diversity. To unravel the evolution of HTLV-I/STLV-I and the relationships between different geographical groups, more gene regions and divergent strains from as many geographical locations as possible are needed to solve the origin of the virus.
